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(54) MANUFACTURE OF OPTICAL ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the 
manufacture of the optical element which facilitates 
pattern formation and has superior heat resistance and 
moisture resistance and low loss. 
SOLUTION: A coupling groove 1 1a is formed in a resin- 
made platform 12 and at both its ends, mounting 
grooves 1 1 b and 1 1 b are formed connecting with the 
coupling groove 11a. Then optical fibers 30 and 30 or an 
optical fiber 30 and an element are mounted in the 
mounting grooves. Liquid photosensitive substance 10 is 
injected into the coupling groove and optically cured to 
form a core part 41, a clad part 42 is formed covering the 
core part 41 by using photosensitive substance, and the 
optical fibers 30 and 30 or optical fiber 30 and element 

are optically coupled with each other to form a waveguide. In this case, liquid photosensitive 
oligomer is used as the photosensitive substance. 
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■ * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] . 
[Claim 1] The process which forms the slot for association in the platform made of resin, and torms the 
slot for loading in the both sides so that it may connect with said slot for association, Fill the 
photosensitive matter into said slot for association, carry out photo-curing'to the process which carries 
an optical fiber in said slot for loading in it, and the core section is formed. The manufacture approach of 
the optical element characterized by being the manufacture approach of the optical element which 
consists of the process made into the waveguide to which the wrap clad section is furthermore formed in 
for said core section, and optical coupling of between said optical fibers is carried out, and said 
photosensitive matter being liquefied photosensitive oligomer. 

[Claim 2] The manufacture approach of the optical element according to claim 1 characterized by being 
set up so that the cross-section dimension of said slot for association may have consistency with the core 
diameter of an optical fiber. 

[Claim 3] The manufacture approach of the optical element according to claim 1 or 2 characterized by 
said optical fibers being a polymer clad optical fiber, a silica glass fiber, and an optical fiber with which 
it was chosen from plastic optical fibers. 

[Claim 4] The manufacture approach of the optical element according to claim 1 or 2 characterized by 
replacing one side of said optical fiber with a light emitting device or a photo detector. 
[Claim 5] The manufacture approach of an optical element given in any 1 term of claims 1-4 
characterized by photosensitive oligomer being the epoxy oligomer which has the general formula 
expressed with following ** 1. 
[Formula 1] 

_R| ___, R 2 
7)V3*ci/)U&£fc&* HJ7;v*n*?-;m**nU Xi, X2, X3tt 

Ytt ^7 QC° ) 

[Claim 6 j The manufacture approach of an optical element given in any 1 term of claims 1 -4 
characterized by photosensitive oligomer being the reactant silicone epoxy oligomer which has the 
general formula expressed with following ** 2. 
[Formula 2] 
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[Claim 7] The manufacture approach of an optical element given in any 1 term of claims 1-4 
characterized by photosensitive oligomer being the reactant silicone oligomer which has the general 
formula expressed with following ** 3. 
[Formula 3] 

r(X) m 
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[Claim 8] The manufacture approach of an optical element given in any 1 term of claims 1-4 
characterized by photosensitive oligomer being the liquefied silicone vinyl ether oligomer which has the 
general formula expressed with following ** 4. 
[Formula 4] 
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[Claim 9] The manufacture approach of an optical element given in any l term of claims 1-4 
characterized by photosensitive oligomer being the acrylic oligomer which has the general formula 
expressed with following ** 5. 
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[Formula 5] 

V R I , R 2 

Y-Xi -(g)- X 2 -<@- X 3 -Y 

0 CH 3 0 

Y,± CH 2 -CH-C-0 CH 2 -C-£-0- 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . 

[Field of the Invention] This invention can be used for various optical waveguides, optical integrateds 

circuit, or optical patchboards etc. which are general optics and the microoptics field and are used in the 

field of optical communication or optical information processing about the optical waveguide which 

used polymeric materials. 

[0002] 

[Description of the Prior Art] Examination is activating in the research phase as that with which 
examination prospers and, as for the optical element used in optical information processing and the 
optical-communication field, is satisfied of the purpose of the above [ especially an optical waveguide 
mold component ] in recent years aiming at integration, micrifying, advanced features, and low-pricing. 
The quartz system optical waveguide device with which it is actually satisfied of these to some extent 
has come to be put in practical use in a part of optical-communication field. For example, Kawachi A 
regular husband (presenter), NTT R&D vol.43 No.ll It is indicated by the reference of p.101 (1994). 
[0003] 

[Problem(s) to be Solved by the Invention] However, since mounting and an assembly taking a great 
effort and time amount especially and a complicated dedicated device are, the present condition is 
having not spread even through a field with various optical elements used as the waveguide mold. 
Moreover, the present condition is that there is no easy optical element which can be dealt with from the 
above-mentioned point also at home unlike the handling of the electric associated part which has spread 
even through ordinary homes since a skillful advanced technique is required for an assembly. 
[0004] By the way, although economical efficiency becomes important in an optical device, it is the key 
factor of cost to connect waveguide, an optical fiber or a light emitting device, and a photo detector. Old 
connection made the block structure the V groove which sets an optical fiber, waveguide or the light 
emitting device, and the photo detector, and jogging alignment of these was carried out and it has been 
performed by fixing so that an optical axis may be in agreement. Moreover, the platform on which these 
are put is formed and placing and carrying out alignment of the components, such as a light emitting 
device and a photo detector, later has also been made. However, in these cases, assembly operation is 
complicated and the cost of materials and a conversion cost become expensive. 
[0005] It is shown in this invention being made in view of such the present condition, and the purpose 
making simple the mounting assembly which is one of the factors of low-pricing of an optical element, 
and the failure of expansion of the use field, and attaining low-pricing. Moreover, it is in offering the 
manufacture approach of an optical element that pattern formation is easy, excel in thermal resistance, 
moisture resistance, etc., and can obtain the optical element of low loss, and connection with optical 
components is made easily. 
[0006] 

[Means for Solving the Problem] The process which the summary of this invention forms the slot for 
association in the platform made of resin, and forms the slot for loading in the both sides so that it may 
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connect with said slot for association, Fill the photosensitive matter into said slot for association, carry 
out photo-curing to the process which carries an optical fiber in said slot for loading in it, and the core 
section is formed. It is the manufacture approach of the optical element which consists of the process 
made into the waveguide to which the wrap clad section is furthermore formed in for said core section 
and optical coupling of between said optical fibers is carried out, and is in the manufacture approach of 
the optical element characterized by said photosensitive matter being liquefied photosensitive oligomer. 
[0007] Immobilization of the optical fiber to a slot becoming firm by having used resin as a platform 
first for the high elasticity and photosensitive oligomer have simple pattern organization potency, and 
this invention persons are excellent in thermal resistance and moisture resistance, find out that the 
macromolecule optical waveguide pattern for optical elements with which it is low loss and connection 
with optical components is made easily can be formed, and came to complete this invention. 

[0008] ' „ , . , 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
Drawing 3 is a perspective view for explaining an example of the manufacture approach of the optical 
element of this invention, drawing 1 is the perspective view showing the platform used for the 
manufacture approach of the optical element of this invention, drawing 2 is the perspective view 
showing the condition of having carried the optical fiber in the platform, and drawing 8 is [ drawing 7 is 
the sectional view showing an example of the optical element concerning the manufacture approach of 
this invention, and ] the sectional view showing other examples of an optical element. As shown m 
drawing 1 , the platform 12 made of resin at least the example of the manufacture approach of the 
optical element of this invention on the whole surface For example, the process which forms slot 1 la for 
association in a top-face center section, connects with this slot 1 la for association, and forms the slots 
1 lb and 1 lb for loading in the both sides, The process which carries optical fibers 30 and 30 or an 
optical fiber 30, and a component 50 in said slots 1 lb and 1 lb for loading as shown in drawing 2 , As 
shown in drawing 3 , drawing 7 , and drawing 8 , pour in and carry out photo-curing of the liquefied 
photosensitive matter 10 to said slot 11a for association, and form the core section 41, and the clad 
section 42 is formed using the photosensitive matter so that this core section 41 may be covered further. 
It is the manufacture approach of an optical element including the process which is made to carry out 
optical coupling of an optical fiber 30 and the component 50 between said optical fiber 30 and 30, and is 
made into waveguide, and is the manufacture approach of an optical element that said photosensitive 
matter is liquefied photosensitive oligomer. 

[0009] As the optical element concerning the manufacture approach of this invention is shown m 
drawing 7 and drawing 8 , the platform 12 made of resin, Optical fibers 30 and 30 or an optical fiber 30, 
and a component 50 are joined in one with the hardened material of photosensitive oligomer 10 
(association). The hardened material of photosensitive oligomer to the whole surface side of a platform 
12 The core section 41, As the clad section 42 is formed on this core section 41 and the light which 
passed along the core 3 1 of an optical fiber carries out direct ON light to the core section 4 1 , the light 
which passed along the core section 41 is the optical element which direct ON light is made to be carried 
out to the core 3 1 of an optical fiber. 

[0010] In the manufacture approach of this invention, as shown in drawing 1 , the platform 12 made of 
resin in which slot 1 la for association and the slots 1 lb and 1 lb for loading were formed is prepared. 
Slot 1 la for association is a slot formed for the optical coupling of optical fiber 30 comrades or an 
optical fiber 30, and a component 50, and is the slots 1 lb and 1 lb for loading. It is the slot formed in a 
****** sake in an optical fiber 30 or a component 50. 

[001 1] A platform 12 is constituted using the resin in which a good adhesive property is shown to the 
photosensitive matter, for example, an epoxy resin, silicone resin, and acrylic resin. The various 
producing methods can be used about the slot made of resin. For example, although shaping by the thing 
and metal mold which are twisted to cutting, such as the thing and saw which combined lithography and 
etching, and a dicing saw, etc. is typical, the platform producing method should be chosen by the 
process tolerance, a use application, the amount used, etc. 

[0012] Especially as slot 1 lfor association a, in order to reduce connection loss with an optical fiber 30, 
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the' rectangle structure which can produce the waveguide in consideration of the thickness of the clad 
section 42 is desirable. For example, when producing straight-line waveguide, the metal mold master 13 
as shown in drawing 4 is produced, and a platform with rectangle slot 11am consideration of the 
configurations of the rectangle slots 1 lb and 1 lb for carrying an optical fiber 30 and the core 31 of an 
optical fiber can be produced by fabricating based on this. 

[0013] In a more complicated pattern configuration, for example, Y branch waveguide production, as 
shown in drawing 5 , it can manufacture using the platform which has Y shape-like slot 1 la for 
association by pouring the solution 1 0 of photosensitive oligomer into Y shape-like slot 1 1 a for 
association. The platform which has Y shape-like slot 1 la for association can be manufactured by using 
the metal mold master 1 3 as shown in drawing 6 . 

[0014] Although the configuration of slot lib for loading is determined by the configuration of an 
optical fiber 30 etc., it is desirable that it is the slot whose cross-section configurations are the shape of 
V character and a rectangle. Width of face of slot 1 lb for loading can be set to about 50 micrometers - 
5mm, and the depth can. be set to about 50 micrometers - 5mm. 

[0015] If width of face of slot 1 la for association is made smaller than the width of face of slot 1 lb for 
loading it will be easy to carry out positioning of the optical fiber 30 to carry, and will be easy to carry 
out impregnation of photosensitive oligomer. Although the configuration of slot 1 la for association and 
a dimension are determined by the configuration of an optical fiber 30, a dimension, or the quality of the 
material, it is desirable that they are a V character-like slot or a rectangle slot, about 3 micrometers - 
5mm and depth d can be set to about 3 micrometers - 5mm, and it can set die length to about 5-1 00mm 
for the width of face. There is little connection loss that the die length of slot 1 la for association is said 
range, or it is easy to carry an optical fiber, and easy to carry out positioning. 
[0016] It is desirable to set up so that the cross-section dimension of slot 1 la for association may be 
adjusted with the path of the core 3 1 of an optical fiber. The light which penetrated the core 31 of an 
optical fiber means that it can be made to carry out to the core section 41 direct ON light rather than it 
carries out direct ON light of the adjustment to the clad section 42. 

[0017] An optical fiber 30 is carried at least in one side of slot 1 lb for loading. As for this optical fiber, 
it is desirable to be chosen from a polymer clad optical fiber, a silica glass fiber, and a plastic optical 
fiber. If a polymer clad optical fiber means what constituted the core from quartz glass and constituted 
the clad from plastics and this optical fiber is used in this invention, an optical element with the 
description of being easy to connect with the diameter of macrostomia will be obtained. If a silica glass 
fiber means what constituted the core and the clad from quartz glass and this optical fiber is used, a mass 
optical element will be obtained. If a plastic optical fiber means what constituted the core and the clad 
from plastics and this optical fiber is used, an optical element with large reinforcement will be obtained 
with the diameter of macrostomia. 

[0018] If components, such as light emitting devices, such as laser diode (LD), light emitting diode 
(LED), and light-receiving diode (PD), or a photo detector, are carried in one side of slot 1 lb for 
loading, as shown in drawing 8 , a component 50 is joined to the end of an optical fiber 30 by the core 
section 41 and the clad section 42, and the optical element with which the optical fiber 30, the 
component 50, and the platform 12 are united with the hardened material of photosensitive oligomer can 
be obtained. 

[0019] As a component 50, if laser diode is used, if an optical element with optical large reinforcement 
uses light emitting diode and light-receiving diode, it will be long lasting, and the optical element of low 
cost will be obtained. 

[0020] Optical fibers 30 and 30 or an optical fiber 30, and a component 50 are put on the slots 1 lb and 
1 lb for loading, as shown in drawing 3 or drawing 5 , the solution 10 of liquefied photosensitive 
oligomer is poured into slot 1 la for association using a syringe etc., and the core section 41 is formed by 
irradiating ultraviolet rays and hardening them in this oligomer solution 10. Furthermore, on said core 
section 41, the clad section 42 which has a refractive index lower than the core section 41 by applying 
and stiffening photosensitive oligomer, such as epoxy oligomer, is formed. Thickness of the clad section 
42 can be set to about 15-50 micrometers. 
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rOO'211 In this invention, liquefied photosensitive oligomer is used in ordinary temperature as 
photosensitive matter. By adjustment of a structural constituent, control of an exact refractive mdex is 
possible for photosensitive oligomer, and it can acquire the suitable viscosity and ultraviolet-rays 
hardenability corresponding to the formation process of the core section by adjustment of 

foaS^ oligomer (photoresist oligomer), it is desirable that they are silicone system 

oligomer, such as epoxy form oligomer, such as epoxy oligomer and reactant silicone epoxy oligomer, 
reactant silicone oligomer, and liquefied silicone vinyl ether oligomer, or acrylic oligomer As tor 
photosensitive oligomer, it is desirable to have about 200 to 5000 number average molecular weight, and 
its liquefied thing which has the viscosity of about 100 to 1000 cp (centipoise) by 25-degreeC is 
desirable. With such viscosity, it is easy to pour into slot 1 la for association, and handling is easy. 
[0023] As epoxy oligomer, a general formula can use what is expressed with following 6. 
[Formula 6] 



Y _ x ,-^-X 2 -<g^X 3 -Y -(1) 

(atjj, Ru Rztt^ft^tiftftfc**®^ /\a*f>m¥* 7***£, 
7*3 *>>*££ fc«U h<>7**D;<**3£**U Xu Xz, Xatt 

7***at 7***x-5 i ***fctt2r«3i*^A/c-fc!K a>o 
yi± ^57 ifcii (^Jjp ©firsts***-*-, ) 

[0024] Epoxy oligomer is desirable at the point of giving the core section excellent in thermal resistance 
and moisture resistance, as epoxy oligomer - Rl and R2 -- a hydrogen atom or the alkyl group of 
carbon numbers 1-5 - it is - both XI X2 and X3 ~ although ~ what contains the hydroxyl of a piece at 
least is excellent in an adhesive property with the platform made of resin, including an alkyl ether 
r3.di.Ccil 

[0025] As reactant silicone epoxy oligomer, a general formula can use what is expressed with following 
**7. 

[Formula 7] 

(2) 




u<k x(**xihs n*mm?. ad****, 7*****fcB: 
7*3 ****** u mtti~4©ifft*^t. zttTSsMntfctt 

^7 (i) Qro do 

*oT*±^ 0 ) 

[0026] Reactant silicone epoxy oligomer can give the core section excellent in thermal resistance and 
reinforcement. As reactant silicone epoxy oligomer, that whose X is a hydrogen atom or the alkyl group 
of carbon numbers 1 -5 is desirable at the point of giving the core section excellent in flexibility. 
[0027] As reactant silicone epoxy oligomer, a general formula can use what is expressed with following 
** 8. 

[Formula 8] 
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xtt7ksws?> s**«h% tsuf^m^ 3vv*;i/*£fcH: 
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Ri> R2<i^^;i/», v7Dt;H*SU 



[0028] Reactant silicone oligomer can give the core section excellent in thermal resistance and 
reinforcement. The thing whose X is a hydrogen atom or the alkyl group of carbon numbers 1-5 and 
both Rl and whose R2 are the alkyl groups of carbon numbers 1-5 as reactant silicone oligomer is rich 
in reactivity, and gives the core section excellent in flexibility. 

[0029] As liquefied silicone vinyl ether oligomer, a general formula can u$e what is expressed with 
following ** 9. 



[Formula 9] 




\ 

... ( 4 ) 



/ 



(5£#s x(i**is^ a**^ wfym*. 7)^)vmtit\t 

r;i/a*wi/a£&SU mtt 1 ~4<0fi«cS^-r<, x, ylififRT? 
f>©#£f!|-&£^U'x^ y tt 1 0 illi&V\, 

[0030] Liquefied silicone vinyl ether oligomer can give the core section excellent in thermal resistance. 
The thing whose X is a hydrogen atom or the alkyl group of carbon numbers 1-5 and whose R is the 
alkyl group of carbon numbers 1-5 as liquefied silicone vinyl ether oligomer is desirable at the point of 
giving the core section excellent in flexibility. 

[0031] As acrylic oligomer, a general formula can use what is expressed with following ** 10. 
[Formula 10] 

Y-X, XHQ>-X3-Y -<5) 

O CH 3 O 

Y,± CH 2 = CH-C-0 ** {± CH 2 =»C — C-O- 

[0032] Acrylic oligomer can be rich in reactivity and can give the core section excellent in transparency, 
as acrylic oligomer ~ both XI X2 and X3 ~ although ~ that both Rl and whose R2 are the alkyl groups 
of the hydrogen atom carbon numbers 1-5 including an alkyl ether radical or a ring is desirable at the 
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point that the core section excellent in flexibility can be given. 

[0033] Macromolecule-ization of the aforementioned epoxy form oligomer is performed by carrying out 
a polymerization by the reaction by the light between the polymerization active groups (epoxy group 
etc.) contained in the general formula expressed with ** 6 and ** 7. In order to make a reaction fully 
cause efficiently, it is desirable to add a photopolymerization initiator. Azo compounds, such as 
peroxides, such as carbonyl compounds, such as a diphenyl triketone benzoin, benzoin methyl ether, a 
benzophenone, an acetophenone, and diacetyl, and a benzoyl peroxide, and azobisisobutyronitril, are 
mentioned as a typical thing that what is necessary is just what is generally used as a 
photopolymerization initiator as a photopolymerization initiator. 

[0034] Macromolecule-ization of the aforementioned silicone system oligomer is based on the reaction 

of a sensitization agent and oligomer. As a sensitization agent, bis-azide compound diazo compounds, 

such as azide compound [, such as an azide pyrene ], 4, and 4-diazido benzalacetone, 2, 6-G (4-azide 

benzal) cyclohexanone, 2, and 6-G (4'-azide benzal)-4-methylcyclohexanone, are typical. 

[0035] The optical waveguide obtained by this invention is excellent in solvent resistance, and is low 

guided wave loss and is excellent in thermal resistance and moisture resistance. 

[0036] 

[Example] Although ah example explains this invention still more concretely, this invention is not 
limited to these examples. 

(Example 1) The optical element shown in drawing 7 as follows was manufactured. In this example, the 
liquefied epoxy oligomer (the viscosity in 25-degreeC is about 500 centipoises) and 2 % of the weight of 
photopolymerization initiators which have first the structure expression shown in following ** 1 1 were 
prepared, and the solution 10 of photosensitive oligomer was prepared. In addition, n in ** 1 1 is a 
positive integer. 
[0037] 

[Formula 11] 



CH 3 rdC\ 
CH 2-0-@-C-^OCH2CH-CH 2 0^^-^-OCH 2 ^7 



CH 3 OH 

[0038] Next, as shown in drawing 1 , the shape with a width of face [ for putting optical fibers 30 and 30 
on both sides / of 125 micrometers ] and a depth of 130 micrometers of V character and the rectangle 
slots 1 lb and 1 lb produced the platform 12 made of an epoxy resin where slot 1 la for association which 
has a slot with a die length of 50mm was formed in the center section with a depth of 50 micrometers by 
width of face of 50 micrometers again. Production of a platform 12 depended on the casting method 
which used the metal mold master 13. The refractive index of the epoxy resin which constitutes a 
platform 12 was 1.52 on the wavelength of 0.85 micrometers. 

[0039] On slot 1 lb of the both sides of the produced platform 12, and 1 lb, as shown in drawing 2 , 
adhesion immobilization of quartz GI fiber (graded index optical fiber) 30 and 30 with an outer diameter 
of 125 micrometers was carried out. 

[0040] Furthermore, as shown in drawing 3 , the core section 41 was formed by pouring in the above- 
mentioned solution 10, irradiating the UV light 14, and making slot 1 la for association harden a solution 
10. the exposure of the UV light 14 - 2000 mJ/cm2 it was . Moreover, the refractive index of the 
hardened material of a solution 10 was 1.535 on the wavelength of 0.85 micrometers. 
[0041] Next, waveguide was produced by applying the epoxy oligomer adjusted so that the refractive 
index of a photo-curing object might be set to 1 .52 on the wavelength of 0.85 micrometers, irradiating 
UV light, hardening this epoxy oligomer, and forming the clad section 42 on a platform 12. By this 
actuation, as shown in drawing 7 , it has the core section 41 with a thickness of 50 micrometers with a 
refractive index 1 .535 with the clad section 42 which consists of an epoxy resin of a refractive index 
1.52, and the multimode module with which optical fibers 30 and 30 were joined to both sides has been 
produced. 
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[0042] The low clad section 42 and the low platform 12 of a refractive index were formed for carrying 
out total reflection of the light and making it spread rather than the core section 41 on the outside of the 
core section 41 of a refractive index 1.535. 

[0043] When the insertion loss of this module was measured, it was 3.0dB or less on 1.5dB or less and 
the wavelength of 1.55 micrometers in ldB or less and the wavelength of 1.3 micrometers with the 
wavelength of 0.85 micrometers. Here, modular insertion loss means loss including a fiber and 
waveguide. As mentioned above, it turned out that the module of this example is low loss. Furthermore, 
loss of this module was not changed one month or more under the condition of 75 degrees C / 90%RH. 
That is, the module of this example was excellent in endurance. In addition, especially the core section 
41 of the module of this example was excellent in moisture resistance. 

[0044] (Example 2) The multimode module was produced by the same approach as an example 1 using 
the solution 10 which prepared the liquefied silicone epoxy oligomer expressed with the structure 
expression (however, n in a formula positive integer) of following ** 12, and 2 % of the weight of 
photopolymerization initiators. 
[0045] 

[Formula 12] 

\ o /n 
CH 2 

[0046] When the insertion loss of this module was measured, it was 1 .5dB or less on 1 .OdB or less and 
the wavelength of 1.55 micrometers in ldB or less and the wavelength of 1.3 micrometers with the 
wavelength of 0.85 micrometers. Moreover, as for the polarization dependency of an insertion loss, the 
wavelength of 1.3 micrometers or the wavelength of 1.55 micrometers was 0. ldB or less. Furthermore, 
loss of this optical waveguide was not changed one month or more under the condition of 75 degrees C / 
90%RH. In addition, especially the core section 41 of the multimode module of this example was 
excellent in reinforcement. 

[0047] (Example 3) The solution which prepared the liquefied silicone oligomer as which a structure 
expression (however, x in a formula and y positive integer) is expressed in following ** 13, and 2 % of 
the weight of photopolymerization initiators was prepared. 
[0048] 

[Formula 13] 




[0049] And the multimode module was produced by the same approach as an example 1 . When the 
insertion loss of this module was measured, it was 1.5dB or less on l.OdB or less and the wavelength of 
1.55 micrometers in ldB or less and 1.3 micrometers with the wavelength of 0.85 micrometers. 
Moreover, as for the polarization dependency of an insertion loss, the wavelength of 1 .3 micrometers or 
the wavelength of 1.55 micrometers was 0. ldB or less. Furthermore, loss of this optical waveguide was 
not changed one month or more under the condition of 75 degrees C / 90%RH. In addition, especially 
the core section 41 of the multimode module of this example was excellent in thermal resistance. 
[0050] (Example 4) The multimode module was produced by the same approach as an example 1 using 
the solution which prepared liquefied silicone vinyl ether oligomer with the structure expression 
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(however, x in a formula and y positive integer) expressed with following ** 14, and 2 % of the weight 
of photopolymerization initiators. When the insertion loss of this module was measured, it was 1.5dB or 
less on l.OdB or less and the wavelength of 1.55 micrometers in IdB or less and 1.3 micrometers with 
the wavelength m of 0.85 micrometers. Moreover, as for the polarization dependency of an insertion 
loss, the wavelength of 1 .3 micrometers or the wavelength of 1 .55 micrometers was O.ldB or less. 
Furthermore, loss of this optical waveguide was not changed one month or more under the condition of 
75 degrees C / 90%RH. In addition, the core section 41 of the multimode module of this example was 
, excellent in flexibility. 
[0051] 

[Formula 14] 



0-CH=CH-CH 3 

[0052] (Example 5) The solution which prepared the liquefied acrylic oligomer which has the structure 
expression expressed with the ******-ization 15 below, and 2 % of the weight of photopolymerization 
initiators was prepared. 
[0053] 

[Formula 15] 



[0054] Next, the multimode module was produced by the same approach as an example 1 using said 
solution. When the insertion loss of this module was measured, it was 1.5dB or less on l.OdB or less and 
the wavelength of 1.55 micrometers in IdB or less and 1.3 micrometers with the wavelength of 0.85 
micrometers. Moreover, as for the polarization dependency of an insertion loss, the wavelength of 1.3 
micrometers or the wavelength of 1.55 micrometers was O.ldB or less. Furthermore, loss of this optical 
waveguide was not changed one month or more under the condition of 75 degrees C / 90%RH. In 
addition, the core section 41 of the multimode module of this example was excellent in reinforcement. 
[0055] (Example 6) The optical element shown in drawing 8 as follows was manufactured. The solution 
10 which mixed the liquefied epoxy oligomer used in the example 1 and 2 % of the weight of 
photopolymerization initiators was prepared. 

[0056] Next, the platform 12 where it has slot 1 la for association with a width-of-face [ of 50 
micrometers ] x depth [ of 50 micrometers ] x die length of 50mm in the abbreviation center section, and 
the epoxy resin with a thickness of 250 micrometers was formed in it on the substrate again in the shape 
with a width of face [ for putting an optical fiber 30 on one side / of 125 micrometers ] and a depth of 
130 micrometers of V character and the rectangle slots 1 lb and 1 lb as shown in drawing 1 was 
prepared. The refractive index of this epoxy resin was 1 .52 on the wavelength of 0.85 micrometers. And 
the GI optical fiber 30 with an outer diameter of 125 micrometers was put on slot 1 lb of one side, and it 
fixed. 

[0057] Next, on both sides of the slot 1 la for association, the semiconductor laser light source 
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4 (oscillation wavelength of 0.85 micrometers) 50 was placed into slot 1 lb of the side else. 

[0058] Next, the aforementioned solution 10 was poured into slot 1 la for association, UV light was 
irradiated, and the core section 41 was formed, an exposure 2000 mJ/cm2 it was . The refractive index 
after hardening was 1.535 on the wavelength of 0.85 micrometers. 

[0059] Then, the waveguide which has the clad section 42 because the refractive index of a hardened 
material applies and stiffens on this the epoxy oligomer which is 1.52 on the wavelength of 0.85 
micrometers was produced. The waveguide component [ INTAKONEKUTO / the channel waveguide 
which has the clad section 42 which consists of a hardened material of the epoxy oligomer of a 
refractive index 1 .52 by this actuation, and the core section 41 which consists of an epoxy resin of a 
refractive index 1.535 / component / the optical transmitting device ] was producible. When light was 
introduced into this waveguide, optical transmission was possible at about 0.3dB of joint loss. 
[0060] (Example 7) The optical element shown in drawing 7 as follows was produced using silica 
optical fiber. As shown in drawing 1 , it has slot 1 la for association with a width of face [ of 1 0 
micrometers ], and a depth of 10 micrometers for the shape with a width of face [ for putting optical 
fibers 30 and 30 on both sides / of 125 micrometers ], and a depth of 130 micrometers of V character, 
and the rectangle slots 1 lb and 1 lb right in the middle again, and the platform 12 made of an epoxy 
resin with a thickness of 250 micrometers was prepared, and silica optical fiber (the core diameter of 10 
micrometers, outer diameter of 125 micrometers) 30 and 30 was placed previously, and it fixed. Then, 
the core section 41 was formed by pouring in the same solution 10 as having used in the example 1, 
irradiating the UV light 14, and making slot 1 la for association harden this solution 10. an exposure - 
2000 mJ/cm2 it was . The refractive index after hardening was 1.535 on the wavelength of 0.85 
micrometers. 

[0061] Then, waveguide was produced by applying and hardening the epoxy oligomer adjusted so that 
the refractive index at the time of photo-curing might be set to 1 .52 on the wavelength of 0.85 
micrometers on a platform 12, and forming the clad section 42. The single module which has the core 
section 41 (10 micrometers) of the refractive index of the clad sections 42 and 1.535 which consists of 
an epoxy resin of the refractive index 1.52 with an optical fiber by this actuation was producible. 
[0062] When the insertion loss of this module was measured, it was 3.0dB or less on 1.5dB or less and 
the wavelength of 1.55 micrometers in ldB or less and 1.3 micrometers with the wavelength of 0.85 
micrometers. Furthermore, loss of this module was not changed one month or more under the condition 
of 75 degrees C/90%RH. 

[0063] (Example 8) The optical element shown in drawing 7 as follows was produced using the plastic 
optical fiber. Right in the middle, as shown in drawing 1 , it has slot 1 la for association with a width-of- 
face [ of 1mm ] x depth [ of 1mm ] x die length of 50mm for the shape with a width-of-face [ of 1mm ] x 
depth [ of 1mm ] x die length of 50mm of V character and the rectangle slots 1 lb and 1 lb for putting 
optical fibers 30 and 30 on both sides again, the platform 12 made of an epoxy resin with a thickness of 
2mm was prepared, and plastic optical fibers (core 1mm) 30 and 30 were placed previously, and it fixed. 
Then, the same solution 10 as having used in the example 1 was poured in, and the UV light 14 was 
irradiated, an exposure - 2000 mJ/cm2 it was . The refractive index after hardening was 1 .535 on the 
wavelength of 0.85 micrometers. 

[0064] Then, the epoxy oligomer solution adjusted so that the refractive index at the time of photo- 
curing might be set to 1 .52 on the wavelength of 0.85 micrometers on a platform was applied and 
hardened, and waveguide was produced. The multimode module which has the core section 41 
(thickness of 1mm) of the refractive index of the clad sections 42 and 1.535 which consists of an epoxy 
resin of the refractive index 1 .52 with an optical fiber by this actuation was producible. When the 
insertion loss of this module was measured, it was 3.0dB or less on 1.5dB or less and the wavelength of 
1.55 micrometers in ldB or less and 1,3 micrometers with the wavelength of 0.85 micrometers. 
Furthermore, loss of this module was not changed one month or more under the condition of 75 degrees 
C/90%RH. 

[0065] (Example 9) The optical element shown in drawing 7 as follows was produced using the polymer 
clad optical fiber. Right in the middle, as shown in drawing 1 , it has slot 1 la for association with a 
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* • width of face [ of 200 micrometers ], and a depth of 200 micrometers for the shape with a width-of-face 
[ of 230 micrometers ] x depth [ of 250 micrometers ] x die length of 50mm of V character and the 
rectangle slots 1 lb and 1 lb for putting an optical fiber on both sides again, the platform 12 made of an 
epoxy resin with a thickness of 500 micrometers was prepared, and the polymer clad optical fibers (core 
200micrometer, 230 micrometers of appearances) 30 and 30 were placed previously, and it fixed. Then, 
the same solution 10 as having used in the example 1 was poured in, and the UV light 14 was irradiated, 
an exposure - 2000 mJ/cm2 it was . The refractive index after hardening was 1.535 on the wavelength 
of 0.85 micrometers. 

[0066] Then, the epoxy oligomer solution adjusted so that the refractive index at the time of photo- 
curing might be set to 1.52 on the wavelength of 0.85 micrometers on a platform 12 was applied and 
hardened, and waveguide was produced. The multimode module which has the core section 41 
(thickness of 200 micrometers) of the refractive index of the clad sections 42 and 1.535 which consists 
of an epoxy resin of the refractive index 1.52 with an optical fiber by this actuation was producible. 
When the insertion loss of this module was measured, it was 3.0dB or less on 1.5dB or less and the 
wavelength of 1 .55 micrometers in ldB or less and 1 .3 micrometers with the wavelength of 0.85 
micrometers. Furthermore, loss of this module was not changed one month or more under the condition 
of 75 degrees C / 90%RH. 
[0067] 

[Effect, of the Invention] According to the manufacture approach of the optical element of this invention, 
as explained above, pattern formation is easy and it excels in thermal resistance and moisture resistance, 
and a birefringence is small and the macromolecule optical waveguide pattern for aperture conversion 
with which connection with optical components is made easily can be formed. The manufacture 
approach of these things to this invention is advantageous to application to optical waveguide die parts 
which are mass-produced. Therefore, it is applicable to manufacture of the various optical waveguides 
and the optical integrated circuit which are general optics and the microoptics field and are used in the 
field of optical communication or optical information processing, or an optical patchboard. 
[Explanation of an easy drawing] 

[Drawing 1] It is the perspective view showing a platform. 

[Drawing 2] It is the perspective view showing the condition of having carried the optical fiber in the 
platform. 

[Drawing 31 It is a perspective view explaining the example of the manufacture approach of the optical 
element of this invention. 

[Drawing 4] It is the perspective view showing the example of the metal mold master for platform 
production. 

[Drawing 5] It is the perspective view showing other examples of the manufacture approach of the 
optical element of this invention. 

[Drawing 6] It is the perspective view showing other examples of the metal mold master for platform 
production. 

[Drawing 7] It is the sectional view showing an example of an optical element. 
[Drawing 8] It is the sectional view showing other examples of an optical element. 
[Description of Notations] 

10 [ .. A platform, 13 / .. A metal mold master, 14 / .. UV light, 30 / .. An optical fiber, 31 / .. The core 
of an optical fiber 41 / .. The core section, 42 / .. The clad section, 50 / .. Component ] .. The solution of 
photosensitive oligomer, 11a.. The slot for association, lib.. The slot for loading, 12 



[Translation done.] 
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ift8bw»5oo-tyf-sif-fX) fc3tm^^J2as 

fc. 4*5, -fEl ifc*s»«niijK>S«tC**. 

[0037] 

,CH 3 



CH 2 -O-^)-C-^0CH 2 CH-CH 2 0-(^)-0CH 2 
CH 3 OH 



V 



[ o o 3 8 ] mz „ m l i o iz. WWlzfty r 4 

A30. 3 0&B<£tf><9i|il2 5/ J (m. g|$13 0^ 
m«V*«**V^iJeR»l 1 b. 1 1 b#. ifc** 
S5fc:{i«e5 0^mT^S5 0^mT\ S£5 0mm<7)?i 

1 2<T)Wm&$M~?*?-l 3 5rfflv^c^&{cfto 
fe. ^5 7 h7*-A 1 2 e«W6-f*Xd«f HBIloa 40 
#f2f&ti&£0. 8 5/itmT'l. 5 2X'hr>t:. 
[ 0 0 3 9 ] LtzTy ••/ h 7 *~- A 1 2 COMICS 
lib. 1 lb±t, ^1 2 5//m«053IGl7r-f 
A (7V-r-yK»*7 7'fA) 30. 30*. H2t 

[0040] $f>C. H3t^-TJ:3t. ^ffi«l 1 
a(C, UESaiOfcaXLT. UV3Kl4$r!SfltLT 
SjSI OSrS-fk^-lirSClfcf . 3TSB4 1 *^Lfe. 
UV3tl4^Jt*{42 0 0 0mJ/cm2 X'3b~>tz, 

ttz. mmionmitifanBtf&isM&o. 8 5/im-e>K5o 



SSI. 5 3 5T'*-»t. 

[004 1 ] <5Ct. vh7*-J*l 2±t. 3£Sft 
%coaDf^*^0. 85jtimtl. 5 2fc&SJ:5fc 
DlS^itJtx^^y^-Sr^SL. UV3l£5r.W 
LTKxjK^^U^v-feWkL. ^7-yh'S84 2$: 

m&thztx\ wmzmLt:. zcommzx*). 

m 7 IZtfrt X o \,Zjm& 1.52 tf>x,-K* i/fflll** 4,4 
■&^7->'Ha54 2fc. Mtlf^l. 535T'J?^50A(m 
03r»4 1fc*WL. W«tft7r-fA3 0. 3 0*' 

[0 04 2] a«f¥l • 5 3 5C037S54 1<0?». 
3rg?4 1 £ 0 t)Stff*Wfiv^^ 7 » V&4 2tryv 

MZit&tzV>X$>&. 

[00433 ^JKLfct i 

jfcSO. 8 5itmT-l dBWT, &S1 • 3//mt' 
1. 5dBJ^T. mm. 55»mX'3. 0 d B«TT 



(8) 
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[0044] (ggftR2) TEtfXfcl 2«flBi* (ffl 

1 0 mm 1 1 m&ii&zz *) . 

[0045] 
Hbl2] 



9. 

>-si-4- 

O /n 
CH 2 



[ 0 0 4 6 ] c: xa-;Pc7)Jf A»&£«55t tfc t ^ 

6. ttftO. 8 5jumTldBJSTF» jfcHl. 3/-imT* 
1. OdBOT. 5 5/xmTl. 5 d BJiTFT 

T'tfcftl. 55/xmT'tO. ldBJBTFCa^fc. X 
t. ClO^»Kcoa*(i7 5 , C/9 0%RH<7)^T 

[004 7] («tt«3)TKOfl:i3T«H«(ffl 

[0048] 
[ftl3] 
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* ioo49) zix. m&mitm®%iTm££<o^ 

A»*fcJHJ£U:i:£*. **0. 8 5jum"Cl dBJa 
T. 1. 3/xmTl. OdBjJlT. Ml. 55umX' 
1. 5dBJj[TT*o^. 4fc. JfA»*^ffi^fic#tt 
JifcRl. 3jumTt)tt*l. 5 5/imTt>0. 1 dB 
J2TFt*->fc. WC. i<^8!liiaW)iljteJ47 5X;/9 

10 l4iiMMt(cm:«ut. 

[0050] (igftfH ) Tie^fl: 1 4T£&&h.&«3i 

* (fit. *t>»x. ytiiE^SSt) £J#o?£l&9i''J 

m*8&:*m.L1zllC\b, : tiL&0. 85/zmmTl 
dBITF. 1. 3/tmfl. OdBOT. ttAl . 5 5 

tSffffiiifcgl. 3^mT*i«*l. 5 5/imT*>0. 

20 i dBfirrcfcofc. jsfc, znxmmnimzi 5 

*C/9 0%RHO*frTfc*JWC fc lM^OJUa»L* 

[005 1 ] 
[€14] 



30 



CH 3 



*40 
CH3 




(CH2)2 

0-CH=CH-CH 3 

[0052] (mm)MT£*iti{ti5?mzti 

[00 53] 
Utl 5] 



C^-C-C-O-CHa -<§)- ^-©-OCH*-®- 
O CH 



<fH 5 

- OCH2-0-C-C=CH2 
0 



[00543 ffim&tmw mm lfc mm SSmT'ldBWT. l. 3jumTl. OdBJST. *ft 
^CJ^H-t-K^a-^f^*:. 1. 5 5/xm-Cl. 5 dBWFC&ofc. 

^*Wl^;UfljfefcIBSLfci:£** SHiO. 8 5ju*50 1 • 3 jumT'fcjfcill . 5 5^m 



(9) 

1 5 

T'iO. ldBHTT&ofc. Jg(c. CKOftSSSS^S 

037*354 1 iiSigfc&hJt. 
[00 55] (XMM6)&0J:3(cL?B8£3i<t% 

[00 5*63 Kfc, fr«8t3K7r^A3 0^S<fc* 
<0» «12 5/*m, »$13 0/xm^)V*tt*6VM4*g 10 
#»1 1 b. lib*. ifcBfrWWHc, Hit*** 
pt;, 4g5 0/zmX&§5 0/*mx£$ 5 0mra^ 
ffljfl 1 a£*U Jf$2 5 0/im<7)X^^II*^ 
«±C^$iX7tr5 -y F7 *— A 1 2 fcJHBLfc. £ 
W:iJf^i4BJIB^>JB*fJW4»*0. 8 5/tm-Cl. 52 
"CJftofc. *LT. fl«12 5i*m«>GI#7T4><3 
0*tf-f!*>8U 1 bfc*SH«W:. 

[ oo 5 7 1 *t. *m*mi 1 a£{i$A/C¥S 

*l/~7*#* (3HKfc£0. 85jLtm) 50fc. ffiOflOl 
Ot&l 1 brt£gVXft. 20 

[00 583 iJct:, tl£ffli*l 1 afcfilEco^l OS: 
&AU UVftMtt/t. 1 SJftSU:. M 

ff»±2 000mJ/cm ! S-fb^OSSf* 
JifegO. 8 5jtxmT'l. 5 3 5"T*ofc. 

[00593 **>fc. i^fcWI^HJrWifcfi 

0. 8 5/xmtl. 5 2Tft6X!|fdf^UrfV-*!fi 

fcftKUs. £*>»«*:J:9HJJr*l. 52<OX^j/ 
* y rfv-OflMfcft*»fe=Sf * ? 5 -y b"gP4 2 fc . S#r$ 

1. 5 3 5«X^s^fflB*»^**3T»4 1kS*t 30 

utt te-smko . 3 d BgircssiHWWc 

[0 0 6 0] (HUM 7) JJW>J:?fcl/C. H7lc*t 
#WHP* : EK*7 r -f Afrjflv vcfW Lfc. H 1 fc* 
■fioC Mffl£3fc7r4 a*30. 30£g<£tf><9. 
SI 2 5,um. S&$1 3 0jumaV4^£*Vt(i£gffll 
lib, 11 b£. 1 0/xm, 1 0 

//m^^fflfltl la**L*8 2 50i*m«X*%J' 40 
tBKR7*9 -y h 7 *- A 1 2 £ESU ifc(c538fc7 r 
4 A* (37S1 Ojtxm. MS12 5ium) 3 0. 3 0£ 
B&ffljei/CfcVvfc. **>fc. SS£ffl?8l 1 at. H6S 
«l-Cfflvvt«kHt»«l 0£i£AU UV#14£ 

JBAl-k. g&St*H:2 0 0 0mJ/cm» Tfcofc. 9 
ftSW>e«f*J4««0 . 8 5jum?l. 5 3 5?*-> 

[006 13 *«t*. 7 , 9-rH7*-A12±te*Wk 
HOHtmyilftO. 8 5jum?l. 5 2(c$r4J:$fc 50 



MflTl 1-2 3886 

1 6 

IffiSftfcxjK^fy'Ji- U rfv-fc&HiLTflHfcLT ? 5 

7 yKSB4 2 fc. 1. 5 3 5«>B*r**> 
r3 7SP4 1 ( 10 jam) Mpfi^/A^S^JL-A* 

fates fc. 

[00623 -TO* ^ bfc t CI 

^.jfcgO. 85jumTl dB&T. 1. 3jumfl. 
5dBJ2nMfc*l. 5 5jum"C3. 0 d B JSlTCft •> 
fc. St. CL<^^-;l^S*ti7 5 , C/9 0%RH 

[00633 (JgtKM8) ifcDJ: "5 K Ut . MUz^t 

PfflW9fc7r-f><3 0,-3 0 iglmmX 
»81mmX*S50mmOV*tt»iV^ije»»l 1 
b . lib*. *fcKX,+fcH 1 fcyStfci 3 (eff 1 m 
mX^lraraX^$50mmi7)OIl 1 a£*L 
JPS 2 mm«x#4F5/»ffli!r9 » h 7 *- A 1 2 *JB 
JIU jfefcWf 7^3E7r^< (371mm) 3 

0, 3 0*Jl*BKUTtJV^. HitWlTffl 

tl. ^Jtft{i2 0 0 0mJ/cm 2 €HI^> 
JSSf^iiftSO. 8 5/zmt'l. 5 3 5ffc-5fc. 
[00643 ^<7)Ss 77 -y h 7 AJhfcjtifftlt*) 
a*f*&%S0. 8 5jumTl. 5 2fcsfir6J:5KWB 

K^f^?tri„ ^0^=J: , 33K7r^A*ft§c7)aiJf^ 

1. 5 2«Xj|«rS^BBj6»fe**^5-yF«4 2fc. 
1. 5 3 5£OaJf$^3TlSS4 1 (fAlmm) 

-A^)J»X«**«Stfci:i*. **0. 85/zmT' 
ldBJETF, 1. 3AtmT'l. 5dBOT, Vt&l. 5 
5/xmT3. 0dBttTC*->fc. St. COTs^i- 
/KOaffeJi 7 5'C/9 0 %RH<7)^ftTtCfcV%T i> 1® 

[0065 3 (HUM 9) »:«0«tplcUT. l7tC7jrT 
3B¥*?«r#y 9 -y F*7T-f^flv»tfl«L 
tz. M®(zK77>lrtiW.<1z#><'). il2 3 0AimX^ 
$ 2 5 OmiiixI? 5 0mm*>V*ttSb*WiJ©Rlll 
lb. llbt. *fc|^+KHlfc*UfcJ:3»:fi2 
OOjum, gH$2 0 0/zm<^^atl 1 at*U©S 
5 0 0x-tm<7)X^4f^liS7'5-y h7*-Al 2$:ffl 
fiU JttC^UV-^9-yF3t7r>fA'(3T20 0/i 
m > ^f2 30*im) 30. 3 0 SrS§@SU•C^5V^ 
fc. HSSMiffflv^<ot|SItg|?gl 0£&A 

L, UV^14$-MltL^. gSStJl«i2 0 0 0mJ/c 

m 2 Tft-afc. mxkwmmm&o . ss^mt 

1. 5 3 5Tfc->fco 

[00663 %<m. 7°7-y h7 A 1 2±{C^-ft 
^aff^fe^O. 8 5/imTl. 52{C^S<J:3t 



(10) ftHPPl 1-23886 

17 18 

9»l. 5 2C03.X*^®EZfrt>%&?7>vV&4 2 [02] 757 h7*- Mz%?r4 A*««U:tt 

fc. 1. 5 3 5*>ffl*f**>37»4 1 (ff*2 0 0jix !3*7Kt$«0"C2bS. 

m) kfe^rri^i^E-Ht^jL-iwiHWT**:. • [H3] mw<tt¥mmmmvmmmz 

8 5jumT'l dBJJlT. 1. 3/xmTl. 5 d BtTF. [04] 77 7 h7*- 2»im%e>&M?X?-<m 

Ikftl- 5 5^mT3. 0dBWT-C&-J7t. HlC <I £*-f#MS0T'$>£>. 

co^^'i-;Koa*l±7 5X:/9 0%RH<7)^ffTt=fc [05] #?&BliOft^l?0§?g:frftofS^S:5rf 

vvcfclffjfJBUdauflrfrofc. 10 «W. 

[00 67] [06] 757 .MBKJ80>affiv;**-0)ffi 

rtssstmizxtiii. w tarn [07] ^s^^£*"tsnfl0r&£. 

mmmtmizmti. aejW'hSK, xMatm* [08 3 ^^^te^£^i-»ffi0T-s>i> . 

mm%izfthtiznmmmiiiHwmm'V v&wam 

mtiLTZZ. Ztlt>cr>Ztfrt>. 3jB«floWK5rtttt, 1 0 • • !J :f V-OSML 1 1 a • • Steffi 

t*tS«to^WSMgP t ffAW3ffflt^iJT-J>S. SL lib - -JISffiiiL 12 • -75^7*- A, 

UrtfoT. -mft^W^X&TMT. MSfll 1 3 • • 1 4 • • UVft, 3 0- • #7 

^f»S^O^»-pfflV^til.a^^|^«|8 s 3fcg r-f A. 3 1 • • 3t7r>f^on7s 4 1 • • a7U. 

mmx&m&mcvmkizm-tz i. » 4 2 ■ ■ ? 5 * f*. 5 0 • ■ 



[01] [02] [03] [04] 
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